Background
Despite the frequent use of the term, there is no widely accepted definition of comfort. In transfemoral amputees, the term "comfort" is used in reference to two groups: the rehabilitation of the patient and the interactions with the residual limb and prosthetic socket.
For the first group, comfort is a subscale of the physical and social well-being of the individual's quality of life, which is represented by the degree of rehabilitation and is measured as the independence of the individual to perform daily activities [1] . Because no universal consensus exists regarding the optimal instrument, several questionnaires have been developed to assess the rehabilitation treatment [2] or prosthesis-related quality of life of transfemoral amputees [3] [4] [5] [6] [7] [8] [9] [10] . In these instruments, mobility is commonly regarded as an important factor [11] [12] [13] together with pain.
When evaluating comfort, such as the interaction between the socket and the residual limb, the ability to perform common daily activities is directly related to both fit and discomfort [6, [14] [15] [16] . Comfort may also be defined as a constitutive aspect of the satisfaction with the use of the prosthesis [8] . Pain sensations may be associated with discomfort, although pain and discomfort are not necessarily correlated because other factors may lead to discomfort [15, 17] . The static and dynamic alignment of the prosthetic system during adaptation and the subsequent transmission and distribution of pressure determine the comfort of the amputee's gait [18] . In the measurement of comfort within the socket, several authors agree on the absence of a measurable scale of comfort [6, 15, 17, 19, 20] . In the literature, only one study attempted to directly measure the level of comfort felt by the amputee in the socket. That study offered the hypothesis that pain and comfort are subjective perceptions and adapted a numerical scale, initially used to measure pain [6] . The vast majority of studies that investigate the effects of prosthesis design on the amputee's performance have compared the biomechanical and physiological effects of different prostheses. Other studies have referenced the mechanical properties of the prosthesis that directly influence the comfort and performance of the amputee [21] . Unfortunately, currently, there are no standardized, wellaccepted methods to adequately measure prosthesis-related comfort either for research or for clinical use.
Incorrect measures of comfort cause delays in the adjustment of the socket by the prosthetic technicians, who must rely on a slow process of trial and error [16, 18] . Historically, the design, construction, and fitting of prostheses have been an art, depending on the accumulated expertise of the practitioner [22] . This situation requires the use of non-standardized descriptive terms to express comfort, which must be explained to the patient, the practitioner and the prosthetic technician. Efforts should be directed at improving communication between patients and practitioners, to improve the quality of care provided to the growing numbers of persons with limb loss [23] . The nonstandardized terms prevent the implementation of accurate clinical measurements of the patient's perception of comfort. Furthermore, each patient has a different way of assessing his/her perception of comfort [17] , which may vary over time [24, 25] and increases the difficulty of developing a standardized scale.
In the comfort theories based on studies on comfort in sitting, some issues are generally accepted [26] : (1) comfort is a construct of a subjectively defined personal nature; (2) comfort is affected by factors of various natures (physical, physiological, psychological); and (3) comfort is a reaction to the environment.
Therefore, a clear definition of the concept of comfort is important to the rehabilitation practitioners and researchers, as is knowledge about which factors contribute to the comfort with prosthesis use, and their relative importance. However, there is a lack of knowledge about comfort in persons with transfemoral amputation. Until now, relatively few studies have analyzed the factors that influence quality of life [27] in transfemoral amputees, but their relationships with the patient's comfort experience are generally unknown.
The aim of this research was to identify the factors that underlie the concept of comfort with prosthesis use in transfemoral amputees. In order to achieve this goal, whether there are significant differences between the persons with transfemoral amputation who feel comfort and persons who feel discomfort when using prosthesis, was determined through a modified scale.
Methods

Participants
The participants were invited by telephone using databases from organizations involved with disabled individuals. The study region was limited to Antioquia, Colombia, and the study included persons with unilateral transfemoral amputations and who used prosthesis for ambulation with or without an additional mobility aid.
The Universidad Nacional de Colombia ethics committee granted ethical approval for the study. After written consent, the subjects were asked to complete a questionnaire.
Questionnaire
To determine the factors that underlie the concept of comfort in transfemoral amputees, we prepared a questionnaire with 30 questions organized into the following six scales or factors: appearance, well-being, pain, functionality, psychological health and social health. These were based on the Prosthesis Evaluation Questionnaire (PEQ) for psychometric properties. Because the factors were not dependent on one another, only the factors relevant to the research question were used. The following questions were added to the PEQ: "Do you feel comfort when using your prosthesis?" "Which of these factors improves your comfort?" and "Which of these factors reduces your comfort?" The questionnaire was available in Spanish.
The original scale uses a 100 mm Visual Analog Scale (VAS), but for the purposes of the present study, we decided to change it because it has been reported in the literature that older and less educated patients experienced difficulty understanding the VAS response format, and the instructions of the questionnaire needed to be explained carefully [25, 28, 29] . Similar observations were reported by Guyatt et al. [30] , who found subjects had fewer problems and required less training, by using a numerically based Likert scale as opposed to a VAS. The Italian validation of the PEQ suggests the need for simplifying the questionnaire format to be feasible for widespread clinical use [29, 31] . The PEQ uses a VAS because the questions cover a wide variety of response types; however, the VAS is not necessarily more accurate than multiple-choice responses [32] .
Responding to a 30 question survey can be tedious, especially when it is related to a sensitive topic. The PEQ design requires an instrument that captures the participants' attention, encourages reading, and is easy to answer. Therefore, we designed six boards measuring 43 x 28 centimeters, with one board for each factor (Fig. 1) . The verbal scales of the six categories were adapted to the content . Several distinguishing characteristics were used to define each factor to convey the concept it represented. Each board was named and was given a color, an image and a different pictogram to reinforce the concept of each factor on each board.A moderator was trained in the use of the instrument. The original questionnaire has an inclusion criterion that patients are able to read because it is a self-administered questionnaire. The literacy requirement could be a limitation to the widespread use of the instrument in clinical practice because a percentage of patients, especially older and less educated patients, have difficulty understanding written language or are visually impaired.
Conducting the analytical survey
Without defining "comfort," the moderator asked whether the participant felt comfort while using the prosthesis. Then, the participant answered the questions using the six boards. When necessary, the moderator read the questions and multiple-choice responses without further clarification. Finally, the moderator introduced all of the boards to the participant and asked the following questions twice, independently: "Which of these factors improves your comfort?" and "Which of these factors reduces your comfort?" There was no compensation for participation.
Statistical analyses
The statistical analysis used in the PEQ was factor analysis, which is a descriptive method that provides a direct view of the interrelationships between the variables, and allows information reduction. After finding the underlying structure among a number of variables, it is important to determine the relationships between the independent and dependent variables. The most appropriate statistical technique is logistic regression because it only requires data concerning whether an event occurred (e.g., whether the patient feels comfort or not) as a dependent variable for predicting the probability that the event may or may not take place. Logistic regression does not require any assumptions of normality, linearity or homogeneity of variance for the independent variables.
Results
Participants' profile
Although 85 individuals were invited, surveys were conducted with 41 participants. Table 1 provides detailed data regarding the study sample. The participants were 75.61% male and mainly belonged to socioeconomic strata 2 and 3, which are areas with many economic constraints. In Colombia, households are classified into six strata, with strata 1 identified as the poorest. The participants exhibited a low level of education: 46.34% of the participants did not complete high school, and only 24.39% of the participants obtained technical degrees or higher. Of the 41 surveys conducted, three were eliminated because of contradictions in the participants' answers.
Constructing dummy variables
The participants' answers were coded for the statistical analysis using dummy variables based on a scale of zero to five depending on the direction of the question (direct or indirect). The highest score corresponded to the most positive response, and the lowest score corresponded to the most negative response. 
Sample size and division of the sample
The logistic regression technique is sensitive to the relationship between sample size and the number of predictor variables. At least five observations per each predictor variable should be used, and the sample size of each group should be considered. The smallest group must be larger than the number of independent variables. The technique requires that the sample is split into two sub-samples: one sample is used to estimate the model, and the other sample is used for validation. However, the study did not properly split the sample, and it was constructed from the responses obtained from participants, owing to the sample size.
Sample for validation
The coded responses of the same factor were averaged to obtain the values of the independent variables. The dependent variable was obtained from the answer to the question, "Do you feel comfort when using your prosthesis?" The validation sample has a size of 38 data points.
Sample for estimating model
As in the validation sample, the coded responses of the same factor were averaged to obtain the values of each factor. The sample was extended until it was four times the initial size ( 152). For the first 38 data points, the first factor that was chosen by the participant as enhancing comfort was replaced by 5, and the other values remained constant. For the next 38 data points, the second factor was treated the same way. For the first group ( 76), the dependent variable was converted to 1, which corresponded to comfort. The following 76 data points were treated in the same manner, except that the factors that reduce comfort were set to 0, and the dependent variable corresponding with discomfort was set to 0, which was used as the second group. All of the processes for the first participant are shown in Table 2 .
Regression model
The model was estimated using SPSS Version 15 and the backward stepwise method with the Wald statistic as contrast. The of the model is significant at 0.001 and the independent variables describing the dependent variable significantly differ with a Nagelkerke's R-Square of 0.654, which correctly classifies 84.9% of the cases. Table 3 presents the variables in the equation. The Wald statistic of the coefficients is significant for all of the factors ( 0.05). The value represents the extent to which raising the corresponding measure by one unit influences the odds. Larger values belong to the functionality and pain factors. Then, eq. (1) shows the probability equation that was used to evaluate whether a transfemoral amputee feels comfort with the use of the prosthesis.
The validation process using the corresponding sample showed that the estimated model classified 73.17% of cases. (1)
Discussion
The aim of this study was to find the underlying factors of comfort with prosthesis use in persons with transfemoral amputation, through the modification of a previously validated questionnaire, which allows practitioners to overcome the implementation difficulties reported in the literature. Forty-one transfemoral amputees who used prosthesis and varied by age, sex, reason for amputation and years since amputation, completed a questionnaire using audio plugs to select their answers. Only persons with bilateral lower limb amputations were not included in this study.
The conducted empirical application detects the existence of statistically significant differences between patients who feel comfort or discomfort with the prosthesis. Therefore, it was possible to identify the factors that underlie the concept of comfort with prosthesis use in transfemoral amputees. The factors analyzed in this study were appearance, well-being, pain, functionality, psychological health and social health. Although all of the factors analyzed were significant, the factors with the greatest influence on the perception of comfort were functionality and pain, as in previous studies about factors related to quality of life [3] .
In the literature, two main approaches to quality of life measurement can be found; functionalist and needs-based. The authors argued that human needs are the foundations for quality of life and that quality of life is the degree of satisfaction of those needs [33] . This is reminiscent of Maslow's hierarchy of need in which five levels of needs were identified and postulated that they are satisfied in strict sequence. Physiological needs are the physical requirements for human survival. If these requirements are not met, the human body cannot function properly, and will ultimately fail. Physiological needs are thought to be the most important; they should be met first. With their physical needs relatively satisfied, the individuals' safety needs take precedence and dominate behavior. Safety needs include health and well-being, safety net against accidents or illness and their adverse impacts.
This study concurs with these findings, because the functionality factor focuses on the ease, usefulness, convenience and mobility using the prosthesis. The influence of this factor may be due to the economic situation of the sample studied. Low-income patients may have difficulties acquiring more technologically advanced prosthetic systems, which would allow them to move more easily. A patient's desire to acquire a prosthetic system to meet all his/her functional needs may be a basic requirement to perceive comfort. After the basic necessities of functionality are covered, patients do not want the prosthesis to cause pain, which is an adverse impact of an illness.
It is, however, noteworthy that appearance, the third most important factor, differs from the third need: love and belonging. This can be explained by the high degree of vanity that culturally exists among Colombians. It is also evidenced that there are potential differences between the patients' and clinicians' goals, such as restoring the walking function versus appearance. The practitioner is primarily interested in subjective and objective measures relating to function and sometimes forgets the significant differences between the rehabilitation expectations of the patients, whereas the patient is often more interested in communicating their subjective personal impressions [19] . The organization into a hierarchy factors, will help researchers and designers to focus on specific therapeutic solutions for these patients.
Additionally, this finding provides tools to determine whether the patient experiences comfort with the use of the prosthesis, which are quick and easy to set up, administer, and analyze. This prediction will improve the communication between the patient, the doctor and the prosthetic technician. Practitioners will know when a person has actually become accommodated to a new prosthesis or a new prosthetic component. This will in turn avoid delays that could cause deterioration of the soft tissues of the residual limb, abnormal gait patterns of the amputee, decreased productive capacity and social reintegration of disabled patients and complexes such as depression after a traumatic loss of a limb [8] that result in personal and social losses given that most amputees in developing countries are young working people [34] . Most of the innovations made throughout the years have been aimed at helping amputees to return to their working lives [35] .
For future applications of the instrument, the authors believe that the patient can complete the questionnaire without the presence of the moderator. In clinical practice, the patient could answer the questions using the boards in the waiting room without making a doctor's appointment. In future studies, the boards could be answered by the patient at home if the patient exhibits a sufficient education level and then mailed.
Because the PEQ was modified for the purpose of the present study, further testing is required to compare the PEQ's use, reliability, and responsiveness by using different response options.
In this study, we calculated summary scores for each scale. This approach assumes equality between the different levels of the response categories. Additional research, by using techniques such as Rasch Analysis, should be conducted to test this assumption.
Conclusions
The conducted empirical application detects the existence of statistically significant differences between patients who feel comfort or discomfort with the prosthesis.
Comfort for transfemoral amputees is determined by interactions among the following factors: functionality, pain, appearance, well-being, psychological health and social health. The degree of influence for each factor on the construct is similar to Maslow's hierarchy of needs. 
